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ABSTRACT

We present results from a coordinated, multi-epoch near-infrared and centimetre radio survey of young stellar objects
(YSOs) in the Coronet, aimed at probing the connection between mass accretion and ionised mass-loss. Using VLT-KMOS,
we detect Bry emission in 5 of the 26 targets, which also exhibit 3.3-cm continuum emission in VLA images, consistent with
partially ionised jets. For seven additional sources, stringent flux upper limits were obtained. The derived accretion and
ionized mass-loss rates for class I and class II YSOs follow a sublinear correlation Mj,, Mg;, consistent with previous
results for class II YSOs but extended here to earlier stages. Multi-epoch observations reveal modest variability in both
tracers but no clear temporal correlation between accretion and ejection within time-scales of a few months. The ratio
Mion/Mac. shows an anticorrelation with Macc, increasing with time from class I YSOs to class II YSOs, suggesting an
increase in jet-launching efficiency or ionization fraction with evolution. These findings support a direct connection
between accretion and outflow across the ~ Myr time-scale of YSO evolution, while highlighting the complexity of their

short-term interplay.
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1 INTRODUCTION

The mass assembly during star formation occurs through the
accretion of material from a circumstellar disk to the central
object (L. Hartmann, G. Herczeg & N. Calvet 2016). During the
earliest class 0 and I stages of Young Stellar Object evolution
(YSO, F. C. Adams, C.J. Lada & F. H. Shu 1987; P. Andre, D. Ward-
Thompson & M. Barsony 1993), the protostars and their discs are
also surrounded by dense envelopes, which are cleared out within
a Myr (M. M. Dunham et al. 2014). The later YSO stages (class II
and IIT) are marked by the evolution of their discs, with a gradual
decline in their gas content and accretion rates over a few Myr
(P.J. Armitage, C. J. Clarke & F. Palla 2003; J. P. Williams & L. A.
Cieza 2011; C. F. Manara et al. 2023; E. Gaidos, L. Gehrig & M.
Giidel 2025).

A fraction of the accreted material is ejected in the form of jets
and disc-winds, which are crucial for the release of specific angu-
lar momentum, as well as for disc dispersal (A. Frank et al. 2014; 1.
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Pascucci et al. 2023). In standard theoretical models, the ejection
and accretion of material are coupled through magnetohydrody-
namical (MHD) processes (F. Shu et al. 1994; R. E. Pudritz et al.
2007). Therefore, a common expectation is that accretion and
ejection will be coupled in time. However, detailed theoretical
modelling of these processes across YSO evolution is challenging
(e.g. M. M. Romanova et al. 2018; Z. Zhu 2025). Furthermore,
YSOs show evidence of time variability within time-scales much
shorter than their evolutionary time-scale in their accretion rates,
ejected jets, and circumstellar material (e.g. M. Morales-Calderén
et al. 2011; W. J. Fischer et al. 2023; V. Lora et al. 2024).

A joint characterization of accretion and ejection processes
across YSO evolutionary types requires multiwavelength data.
Emission of hydrogen (HI) recombination lines such as Bry,
emitted in the accretion shock around the stellar surface, have
become the standard to measure accretion (D. F. M. Folha & J.
P. Emerson 2001; J. Muzerolle, N. Calvet & L. Hartmann 2001).
In the least embedded YSOs, jets and disc-winds are commonly
studied via optical lines, e.g. [O1] (P. Hartigan, S. Edwards & L.
Ghandour 1995; M. Fang et al. 2018; B. Nisini et al. 2018; A. Ban-
zatti et al. 2019), as well as with near-infrared molecular hydrogen
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H, emission (M. Takami et al. 2006; C. Contreras Pefia et al.
2017;Z. Guo et al. 2020). Radio continuum emission at centimetre
wavelengths is known to be an effective tracer of the partially ion-
ized base of jets (L. F. Rodriguez et al. 2014; G. Anglada, L. F. Ro-
driguez & C. Carrasco-Gonzalez 2018). This tracer is particularly
valuable in the more embedded class 0/1 YSOs (L. Tychoniec et al.
2018). However, other physical processes can contribute to the
observed centimetre emission. Non-thermal (gyro)synchrotron
emission from an active stellar magnetosphere is expected to
dominate in class ITIS and could contaminate the emission of less
evolved YSOs (e.g. H. B. Liu et al. 2014; J. Forbrich et al. 2021).

In this paper, we report the results of a coordinated monitoring
of YSOs in the R Corona Australis (R CrA) star forming region,
using Bry and centimetre continuum as tracers of accretion and
ejection, respectively. Recent studies by A. A. Rota et al. (2024,
2025) and A. Garufi et al. (2025) have explored the relationship
between accretion and ejection using these tracers, but they have
focused on class II YSOs, and their observations were not quasi-
simultaneous. The Coronet cluster in R CrA is an excellent target
because it is nearby (152 pc; P. A. B. Galli et al. 2020, see also S.
A. Dzib et al. 2018) and remains embedded in its natal cloud (A.
Sicilia-Aguilar et al. 2011), hosting a large concentration of YSOs
at different evolutionary stages (B. Nisini et al. 2005a; A. Sicilia-
Aguilar et al. 2008; P. C. Myers 2009; D. E. Peterson et al. 2011; P.
Cazzoletti et al. 2019). The Coronet has also been studied in the
radio continuum (M. Choi et al. 2008; O. Miettinen et al. 2008; H.
B. Liu et al. 2014), including monitoring campaigns with X-ray
observations (J. Forbrich et al. 2007).

The paper is arranged as follows. Section 2 describes the ob-
servations and data analysis, followed by the results in Section 3.
The implications of our results are discussed in Section 4, and
Section 5 presents our conclusions.

2 OBSERVATIONS AND DATA ANALYSIS

2.1 Near-infrared data

We have selected a sample of 26 YSOs within the Coronet cluster,
spanning the evolutionary range from class I to class III. The
YSOs were selected from those reported by D. E. Peterson et al.
(2011) in their study using Spitzer. The selected YSOs were ob-
served with the K-band Multi Object Spectrograph (KMOS; R.
Sharples et al. 2013) on the Very Large Telescope (VLT), using the
K-band set-up, which provides a wavelength coverage between
1.934 and 2.460 um at a resolution of R ~ 4200. The observa-
tions were carried out between April 27 and July 22, 2014, as
part of proposal ID 093.C-0657 (P.I. Galvan-Madrid). The target-
of-opportunity (ToO) mode was used, triggered by observations
taken with the Very Large Array. The data were reduced using
the KMOS version 2.7.3 pipeline within ESOReflex (R. I. Davies
et al. 2013; W. Freudling et al. 2013). The 1D spectrum was ex-
tracted by averaging over a 10 x 10 pixel region of the spatial
axes centred on the source peak, chosen to maximize the S/N and
ensure uniform aperture losses across epochs with varying seeing
conditions. For epochs where the source was not well centred
within the IFU field of view, a smaller region was adopted. The
spatially integrated spectra from the output KMOS data cubes
were calibrated using photometry obtained from the 2MASS (M.
F. Skrutskie et al. 2006) and VISIONS (S. Meingast et al. 2023)
surveys. In a way similar to E. Fiorellino et al. (2021), this latter
procedure was adopted to improve the spectro-photometry of the
original KMOS data.
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2.2 Radio data

Observations were conducted with the NRAO’s Karl G. Jansky
Very Large Array (VLA). Partial results of the monitoring pro-
gramme, which ran from 2012 to 2015, have been published in H.
B. Liu et al. (2014) and R. Galvan-Madrid et al. (2014). The full re-
sults will be presented in Ramirez-Arellano et al. (in preparation)
During the months of the KMOS programme, the VLA observed
for ten epochs: seven in the X band (3.3 cm) and three in the Ku
band (2.1 cm). In this paper, we make use of the higher quality
X-band data from those epochs, as well as the image created by
concatenating the visibilities of 32 X-band epochs from the entire
program.

The VLA observations were carried out in single-
pointing mode, centered at «(J2000)= 19" 01™ 48.0°,
8(J2000) = —36° 57’ 59.00”. Data were calibrated using the
Common Astronomy Software Applications package, version
6.5.4 (CASA Team 2022). Standard calibration and imaging steps
were followed (see H. B. Liu et al. 2014). The phases of the
visibilities in each epoch were self-calibrated, and individual-
epoch images were created with these. Also, deep images were
made from the concatenated visibilities of all epochs. All the
images used in this paper were produced using the tclean task
within CASA, utilizing Briggs weighting with robust = 0. The
central frequency of the images is 9.0 GHz (3.3 cm).

The most sensitive image is the one created with the concate-
nated visibilities. The rms noise prior to the correction of the
primary-beam response is 9 pJy beam™'. The FWHM beamsize
of this image is Oaj X Omin = 1.85 arcsec x 0.78 arcsec, with a po-
sition angle (P.A.) = 4.2°.

2.3 Flux measurements

We inspected the flux-calibrated, spatially averaged KMOS spec-
tra of each epoch, looking for the Bry line at 2.166 pm. We de-
tected Bry in seven out of the 26 targeted YSOs. Among them, the
line was found to be in emission in five YSOs and in absorption
in the remaining two (see Table 1). To measure the Bry fluxes, we
fitted a model that includes a Gaussian for the Bry line and a first-
order polynomial for the adjacent continuum. For this, we used
the LevMarLSQFitter within the ast ropy modeling package
(Astropy Collaboration 2022). The line flux was measured as the
area under the fitted Gaussian, along with the corresponding er-
ror propagation. This procedure was performed for the individual
epochs and for the median-combined spectrum of each source.
Of the remaining 19 targets, two (JVLA4 and Peterson4) had no
detectable continuum within the IFU field of view, one (CrA19)
had a coordinate mismatch with the radio data, and two with
extended radio emission (IRS7E and IRS7W) were excluded. The
remaining 14 sources show no Bry detection. These comprise
seven class III, six class II, and one class I YSOs. The 1D spectra
of the seven class II and class I sources from individual epochs
were averaged and combined to produce a single spectrum. The
upper limit on their Bry flux was then estimated following the
procedure of E. Fiorellino et al. (2021), modified as follows:

Fupper = 3 X Oms X AY Nchan X AV, (1)

where N¢han corresponds to the number of channels across the
line width, given by Ajine/R, With Ajine as the central Bry wave-
length, R the KMOS K-band resolution, and Av as the channel
spacing.
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Accretion versus ionized ejection in the Coronet cluster 3

Table 1. Summary of the parameters of the Bry detected sources. Sources with upper limits in both Bry and 3.3 cm are

labelled “UI’.

Source RA Dec. YSO Bry 3.3cm Mass Radius Ay
(J2000) (J2000) Class Radio (M) (Rp) (mag)
IRS1 19:01:50.705 —36:58:09.55 1 Em Yes 0.40 6.00 30.0
IRS2 19:01:41.582 —36:58:31.07 1 Em Yes 1.40 2.90 20.0
CrA43 19:01:58.564 —36:57:08.23 1 Em Yes 3.54 2.32 16.5
IRS6 19:01:50.480 —36:56:37.90 I Abs Yes 0.20 2.32 29.0
TCrA 19:01:58.784 —36:57:49.78 I Em Yes 2.25 1.14 2.5
CrAleé 19:01:33.877 —36:57:44.71 I Em Yes 0.32 1.22 16.6
JVLA1 19:01:34.917 —37:00:56.84 I Abs Yes 1.34 1.94 14
CrA26 19:02:06.833 —36:58:41.43 I Ul Ul 0.18 2.10 1.2
Petersonl 19:01:32.345 —36:58:02.97 1I Ul Ul 0.28 1.21 14.7
Peterson6 19:01:53.775 —37:00:33.80 I Ul Ul 0.10 0.47 0.2
IRS10 19:02:04.109 —36:57:00.72 11 Ul Ul 0.16 1.68 9.76

Note. Stellar parameters are from B. Nisini et al. (2005b) and R. Dong, J. R. Najita & S. Brittain (2018). For CrA43,
Petersonl, Peterson6, IRS10, and CrA26, parameters were obtained from SED fitting using SEDFITTER (T. P. Robitaille

et al. 2007).

VLA data obtained nearly simultaneously! with the KMOS ob-
servations were used to investigate temporal correlations between
the two. Photometry in the radio images was obtained using the
imfit task within CASA, which performs Gaussian fitting of the
source emission, including error estimation. We take the fitted
peak intensity as the source flux. This ensures that the radio flux
corresponds to the same arcsecond scale as the KMOS IFU mea-
surement. Also, time-averaged photometry was obtained from
the imfit results in the concatenated image and from averaging
the results in the individual epochs matching the KMOS program
(see Section 2.2).

3 RESULTS

3.1 Relationship between Bry and 3.3 cm radio fluxes

Table 1 lists the Bry and radio detections of the YSOs. In the
per-epoch images, the radio continuum emission from CrA16
was not detected. However,in the concatenated radio image, this
source has a detection at ~ 94 421 p Jy beam™!. The rest of
the Bry detected radio sources are detected both in the concate-
nated image and in individual epochs. Among the YSOs, only
JVLA1 and IRS6 have Bry in absorption, whereas in the rest of
the detections, the line is in emission. IRS6 is a binary system,
and the component designated as IRS6a is the only one with
detectable spectral features (B. Nisini et al. 2005a). In this paper,
references to IRS6 specifically denote the IRS6a component. The
Bry absorption line profile of IRS6 is not very wide; hence, we
refrain from inferring further about the observed profile. JVLA1
isaclass IIT YSO with a K1 IV subgiant spectral type (J. Forbrich &
T. Preibisch 2007). The KMOS spectrum of JVLA1 has prominent
absorption features in Bry and the CO (2-0) and (3-1) bandheads.
A. Sicilia-Aguilar et al. (2011) reported minimal infrared excess in
JVLAL. Therefore, the absorption lines of JVLA1 likely originate
from a cool photosphere.

The time-averaged Bry and 3.3 cm fluxes in our sample are
shown in Fig. 1. We have used the Bry fluxes averaged over

ISince the VLT and VLA epochs were not observed at the exact same
time, we consider observations separated by up to ten days as near-
simultaneous.

0.0F — 10g(F33cm) =0.29 + 0.12 X log(Far,) + 4.26 * 2.14
-0.2+ IRS1
[ ]
IRS2

-0.4F .

CrA26 CrA43

TCrA

Iog(F3,3 cm [mJY])

-1.0r |Rs1Petersonl
Peterson6
T Haasz
-1.2r Petgrson7
1.4+

21 ~20 ~19 ~18 -17 —16
log(Fery [erg cm=2 s71])

Figure 1. Relationship between the Bry and the 3.3 cm radio continuum
fluxes for the class I and II sources. Detected sources are denoted by black
symbols and upper limits by red symbols. Grey curves illustrate posterior
regression lines consistent with the 68 per cent credible interval of the
slope; the median relation is shown in red.

all the observation epochs and the radio fluxes from the con-
catenated image at 3.3 cm. We have employed a Markov Chain
Monte Carlo (MCMC) method for the Bayesian linear regression
since it is well suited for data sets containing measurements with
uncertainties in both variables. A linear fit to the data gives the
following shallow, positive relation:? log(Fs3cm) = (4.3 £2.1) +
(0.29 £0.12) x log(Fg;, ). As we will see in the following, a corre-
lation between these two tracers is not expected for all YSO types.

In the standard scenario of disk evolution, accretion rates are
expected to decrease significantly from the class I to the class
IT YSO stages (L. Hartmann et al. 2016). Consequently, if the
centimetre free-free emission from YSOs is caused mainly by

2Throughout the rest of this paper, radio continuum fluxes are in units of
millijansky (mJy), and Bry fluxes are in units of erg s~} cm™2.
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partially-ionised jets (G. Anglada et al. 2018), and if the strength
of those jets is linked to that of accretion, a relationship between
Bry and radio continuum is expected. This has been recently
reported for class II YSOs (A. A. Rota et al. 2024; A. Garufi et al.
2025), including transition disks (A. A. Rota et al. 2025). However,
the faint centimetre continuum from class II YSOs could also
be due to disk photo-evaporation by EUV photons (R. Galvin-
Madrid et al. 2014; 1. Pascucci et al. 2014; E. Macias et al. 2016),
which could nevertheless be linked to accretion in a complex
way via disc winds (I. Pascucci et al. 2023). In the class III stage,
where the magnetosphere of the un-embedded young star be-
comes exposed, centimetre radio emission can become bright
again, highly variable, and non-thermal in nature (H. B. Liu et al.
2014; J. Forbrich et al. 2021). This non-thermal radio emission
is not expected to be correlated with accretion phenomena. It is
worth mentioning that class 0/I YSOs also exhibit non-thermal
radio emission; however, only a few have been observed, e.g. IRS
5 in the Coronet cluster (E. D. Feigelson & T. Montmerle 1999; A.
T. Deller, J. Forbrich & L. Loinard 2013; H. B. Liu et al. 2014).
Such emission is typically identified through circular polariza-
tion; however, it is expected that in the majority of younger YSOs
non-thermal emission is easily veiled by the free-free component
along the line of sight (P. Andre 1987; A. T. Deller et al. 2013).

3.2 Relationship between accretion and ionised mass-loss
rates

Bry fluxes were converted to the corresponding mass accretion
rates (M,..) using the relations of J. M. Alcald et al. (2017). Al-
though these relations were calibrated for class I YSOs, we also
apply them to class I YSOs, assuming that the underlying accre-
tion engine in class I protostars is similar to that of more evolved
class II systems, as supported by recent studies (e.g. Fiorellino
et al. 2023; L. Testi et al. 2025). The stellar parameters of mass
(M,), radius (R,), and extinction (Ay ) are summarized in Table
1. The conversion was carried out for five class I and II sources
with Bry detections and for three of the seven upper-limit YSOs
with available photometry from VISIONS and Spitzer/WISE. The
Bry fluxes of the YSOs have been extinction corrected with corre-
sponding Ay values using the relation given in J. M. Alcal4 et al.
(2017) and uncertainties in the fluxes, stellar masses, and radii
were propagated into the accretion-rate estimates. Since class I
YSOs have significant veiling® in their spectra, we have followed
the recipe described by E. Fiorellino et al. (2021) to correct for this
veiling in our three class I sources; accretion rates were computed
over the allowed range of veiling values and combined to derive
weighted mean M, estimates.

The 3.3 cm radio continuum fluxes are transformed to ionized
mass-loss rates (Mj,,) for the eight class I and I1 YSOs with an ac-
cretion rate measurement or upper limit (see Table 1 in the online
supplementary material). Five of them are VLA detections (IRS1,
IRS2, CrA43, TCrA, CrA16). For CrA26, Peterson 1, and Peterson
6 we use 30 from the local noise in the VLA image. The class
IIT YSO JVLAL has been excluded because the jet interpretation
is not appropriate for the radio continuum of the more evolved
YSOs (see Section 3.1). We follow equation (11) of G. Anglada
et al. (2018), assuming a conical jet geometry. Disc inclination

3Veiling refers to the excess continuum emission arising from the circum-
stellar disc due to the accretion process (e.g. N. Calvet & E. Gullbring
1998).
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angles (i) for IRS1, IRS2, TCrA, CrA16, and CrA43 are obtained
from P. Cazzoletti et al. (2019) and C.-H. Hsieh et al. (2024).
For sources lacking inclination information, we assume i = 60°,
corresponding to the median inclination angle expected for a
randomly oriented sample. Following A. A. Rota et al. (2024), we
assume the jet to be perpendicular to the disk plane and therefore
aligned with the inclination of the outer disk. The jet velocity (Vje;)
is estimated from the stellar mass M, using equation (12) of G.
Anglada et al. (2018). We conduct this analysis for both the epoch-
averaged data and the individual epoch detections. The errors
in the mass rates were estimated using the uncertainties *
PYTHON package, propagating from the errors in the measured
fluxes, disk inclination, jet angular size, jet velocity and electron
temperature.

Fig.2 presents the temporal evolution of M, and M;, for
the three YSOs with individual-epoch measurements. CrA43, al-
though detected in individual epochs, is excluded from further
analysis because its derived Mioy, is unphysically larger than M.
(see Section 4.3). The three analysed objects, IRS1, IRS2, and
TCrA, exhibit variability of 0.12, 0.27, and 0.17 dex, respectively,
from their mean rates. No apparent correlation in time is seen
between these two quantities, suggesting that a larger temporal
coverage is needed (e.g. M. Takami et al. 2020).

For the time-averaged values, we performed Bayesian linear re-
gression fits to the logarithm of M;,, as a function of the logarithm
of M, under two conditions: (i) taking the Bry fluxes from the
fits to the averaged spectra and the 3.3 cm fluxes from the epoch-
concatenated VLA image (see Figs 1 and 2 of the online sup-
plementary material) and (ii) from averaging the M. and Mio,
values of the near-simultaneous epochs, as shown in Fig. 2, but
taking the 3.3 cm flux of CrA16 from the concatenated image and
the upper limit fluxes of Peterson 1, Peterson 6, and CrA26 from
the concatenated centimetre image and Bry spectra. Based on the
expected physical connection between M., and M., we assume
flat bounded priors on the slope (0-2) and intercept (—10 to 10).
Fig. 3 shows the M, and M, values and fits for these two cases.
We also converted the 3.3 cm fluxes at lower angular resolution
reported in H. B. Liu et al. (2014) into the corresponding Mi,,,, and
overplotted them in Fig. 3, using accretion rates from B. Nisini
et al. (2005a).

The obtained fits to our data are log(Mion) = (—7.1 4+ 0.8) +
(0.26 £ 0.13) x log(M,..) for case i, and log(Mip,) = (—7.1 £
0.8) 4+ (0.27 £ 0.14) x log(M,c.) for case ii. This analysis aimed
to assess the impact of temporal variability in our coordinated
observations, as YSOs can display short time-scale behaviour (e.g.
dipper or burster variability) capable of significantly affecting the
inferred relationships. The observed variations in M;o, and M.
across the monitoring epochs were modest of the order of ~ 0.1
dex, and do not affect the resulting slope of the relation.

4 DISCUSSION

4.1 Ionized ejection with respect to accretion

Fig.4 shows an anti-correlation between the logarithmic ratio
Mion/M,. as a function of the logarithm of M,.. A linear fit gives
log(Mion/Micc) = (—=7.6 £ 1.7) — (0.84 £ 0.29) x log(Micc).
Considering that Mejection/Mace probes the efficiency & of the
ejection process compared to that accreted by the protostar, in

“https://pypi.org/project/uncertainties/
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Figure 2. Temporal evolution of individual measurements of M,c. and
Mio, for the two class I (IRS1, IRS2, top and middle panels) and one
class II YSO (TCrA, bottom) with Bry in emission and VLA detection
in individual epochs. CrA43 was excluded due to its unphysically large
ejection rate compared to its accretion rate (see Section 4.3). The blue and
green points refer to values around the individual epochs marked in the
plot legends, whereas the red star is the mean value.

our case, the free—free emission is only sensitive to the ionized
component of the ejected material, &, not to the neutral atomic
(B. Nisini et al. 2018) or molecular (T. P. Ray et al. 2023) com-
ponents. The &, values in our sample are consistent with those
reported by A. A. Rota et al. (2024, 2025), who also used the free-
free continuum for a sample of class II YSOs mostly located in the
Taurus star formation region. Our &, values are also consistent

with those of B. Nisini et al. (2018). However, their ejection rates
were derived from the high velocity component of the [O 1] line in
asample of 131 class II YSOs in several star forming regions. A. A.
Rota et al. (2025) showed that, although full discs (FDs) typically
accrete at higher rates than transition discs (TDs), the accretion-
wind scaling is shallower in TDs, implying a reduced apparent
efficiency. The four sources for which we could perform the full
analysis are two class IIs and, for the first time, two class I YSOs.

Several reports of rings and gaps in class I discs have been
presented (e.g. P. D. Sheehan et al. 2020; C.-H. Hsieh et al. 2024),
but the details of mass transport in the discs of embedded YSOs
are far from understood. In class II YSOs, studies on magneto-
centrifugal launching models have shown that £ is inversely pro-
portional to the magnetic lever arm A~! (G. Pelletier & R. E.
Pudritz 1992; L. Hartmann et al. 2016; I. Pascucci et al. 2023). This
implies that lower & values correspond to larger A, thus resulting
in more compact jet launching regions. The lower &, values
for class I YSOs in our sample may therefore point to narrower
launching zones or different magnetic field morphologies, a sce-
nario pointed out by B. Nisini et al. (2018).

On the other hand, protostellar jets are known to have a nested
structure, consisting of high-velocity ionized winds enclosed by
layers of atomic and molecular jets with decreasing velocity gra-
dients (e.g. B. Nisini et al. 2024; F. Bacciotti et al. 2025). Therefore,
another possible interpretation of the trend shown in Fig. 4 con-
siders the chemical and ionization state of the ejected material,
which can be either atomic ionised, atomic neutral, or molecu-
lar>. A full account of the efficiency of ejected to accreted mate-
rial should consider these three states, i.e. &t = Eion + Eato + Emol
(e.g. R. Fedriani et al. 2019). Assuming that &, remains constant
across YSO evolutionary stages, the observed decrease in &;,, With
evolutionary stage suggests that jets are predominantly neutral
(atomic and molecular) in the earlier protostellar phases, with the
ionization fraction increasing as the YSOs evolve. This scenario is
supported by previous studies of Herbig-Haro objects HH 34 (B.
Nisini et al. 2016) and HH 211 (T. P. Ray et al. 2023).

4.2 Accretion and ejection variability

Regarding the short-term (days to months) time evolution shown
in Fig. 2, there is no clear evidence of a temporal correlation
between accretion and ionised mass-loss rates. This can be under-
stood by considering the time-scale of the formation of lobes of
ionized gas in the jet, which we approximate as ~ 0.5 x beamsize
divided by the jet velocity, or ~ 10*d. M. S. Connelley & T. P.
Greene (2014) reported the variability of near-IR tracers of ac-
cretion and winds in a sample of class I YSOs with a four year
survey. They concluded that both types of tracers are sometimes
positively or negatively correlated and sometimes uncorrelated,
depending on the target. Similar results were obtained by L. E.
Ellerbroek et al. (2014) in the Herbig Ae/Be star HD 163296
and by J. Forbrich et al. (2015) in LRLL 54361. Also, the class 0
YSO HOPS 383, which presented a x 35 increment in bolometric
luminosity between 2004 and 2006 (E. J. Safron et al. 2015), did
not present a corresponding increase in the centimetre flux of
the associated radio jet (R. Galvin-Madrid et al. 2015). All these
results highlight the complexity of the physical relationship be-
tween accretion and ejection in jets and winds (see e.g. M. M.
Romanova et al. 2018; Z. Zhu 2025, for detailed simulations).

SFor simplicity, we neglect the contribution of ionised molecular species.
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Figure 3. Correlation between the logarithm of the mass accretion rate and the logarithm of the ionized mass-loss rate, including the data from IRSI,
IRS2, CrA16, TCrA, Peterson 1, Peterson 6, and CrA 26, but excluding CrA43 (inset) from the fit. We present two fitting scenarios: in the left panel
the fit is obtained utilizing the averaged Bry spectra and epoch-concatenated VLA image; in the right panel, the fit is obtained from averaging the
near-simultaneous measurements shown in Fig. 2 for the detections, and upper limits as described in the text. The light grey lines show regression
relations drawn from posterior samples restricted to the central 68 per cent credible interval of the slope; the red line indicates the posterior median. The
overplotted gray squares, marked with the suffix -old’, show previous measurements obtained from H. B. Liu et al. (2014) and B. Nisini et al. (2005a).
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Figure 4. Logarithm of the ratio of the ionised mass-loss rate to the
mass-accretion rate, as a function of the latter. The horizontal lines mark
efficiency factors &, = 0.001, 0.01, 0.1, and 1. The red and grey lines are
defined as in Fig. 2.

The observed variability in accretion and ionised mass-loss rates
in Fig. 2 is probably due to the inherent stochasticity in these
processes (W. J. Fischer et al. 2023).

4.3 Outliers and complex behaviour

The class I YSO CrA43 was excluded from further analysis due
to its inferred M;,, being two orders of magnitude larger than
the corresponding M,.. (see inset plot of Fig. 3). We consider
the possible explanation for this anomaly. The KMOS observa-
tions were taken during a state of quiescence. During such an
episode of a lower accretion rate, the radio jet core could also
become optically thin, allowing non-thermal radio emission from
the magnetosphere, if present, to reach the observer (e.g. H. B. Liu
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et al. 2014). More generally, variability in both accretion (e.g. G.
Costigan et al. 2014; R. A. B. Claes et al. 2022) and jet ejection
(e.g. B. Reipurth et al. 2002; M. Takami et al. 2023) could be an
important source of the observed scatter and outliers in studies
like the one presented in this paper, even if we attempted to
perform observations as simultaneously as possible.

5 CONCLUSIONS

Using multi-epoch coordinated observations with KMOS-VLT
and the VLA, we have measured the Bry line and 3.3 cm radio
continuum emission for 26 YSOs in the Coronet cluster. Accre-
tion and ionized jet ejection rates were derived from both tracers
for 4 YSOs with confirmed detections, while upper limits were
obtained for an additional 4 YSOs. Using time-averaged mea-
surements, we find a sub-linear relation between M, and Mo,
with a slope of ~ 0.3 £ 0.1 in logarithmic space. This implies that
the amount of ionized jet ejection follows that of mass accretion
across the protostar to protoplanetary disc evolutionary time-
scales of up to a few Myr. However, we do not find a clear relation-
ship between these quantities in our time monitoring sampling
time-scales from days to months, possibly due to the complex
interplay between magnetospheric accretion and jet launching
processes.
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